This retrospective observational study was designed to evaluate overall survival in a real-world patient population and to identify predictive factors associated with receipt of second-line therapy. A retrospective analysis of electronic medical records (Flatiron Health, New York) was conducted among patients initiating first-line therapy from January 1, 2013, through April 30, 2018. Eligible patients were diagnosed with advanced gastric, gastroesophageal junction, or esophageal adenocarcinoma and !18 years of age at the time of treatment initiation. Patients alive 45 days after discontinuation of first-line therapy were considered potentially eligible for continued therapy and were categorized into those who received and those who did not receive second-line therapy. Survival analyses were conducted using Kaplan-Meier method and log-rank test without adjusting for any baseline covariates. Factors associated with further treatment were evaluated using logistic regression. A total of 3850 patients met eligibility criteria. Among the 2516 patients available to receive second-line therapy, 1515 (60.2%) received second-line therapy and 1001 (39.8%) did not receive further therapy. Among those potentially eligible to receive second-line therapy, median survival was 15.4 months (95% confidence interval [CI]: 14.6-16.0) from initiation of first-line therapy for those who received second-line therapy and 10.0 months (95% CI: 9.3-10.7) for those who did not. Longer duration of first-line therapy (!169 vs 84 days), HER2-positive tumors, initially diagnosed with stage IV disease, less weight loss during first-line therapy, and younger age were associated with receipt of second-line therapy (all P < .001). Longer survival was associated with multiple lines of therapy; however, these results should be interpreted with caution, and no causal relationship can be inferred.
Introduction
Gastric, gastroesophageal junction (GEJ), and esophageal cancers carry a very poor prognosis, particularly when diagnosed at stage IV (ie, metastatic disease). The 5-year relative survival rate for patients diagnosed with gastric/GEJ or esophageal cancers is 31.5% and 20.7%, respectively. 1 A significant proportion of patients are diagnosed with advanced-stage disease, and among those who undergo surgical resection, recurrence remains a significant issue. Unfortunately for patients diagnosed with metastatic disease, potentially curative surgical resection is not an option. 2 National Comprehensive Cancer Network (NCCN) category 1 evidence supports first-and second-line systemic therapy for patients with unresectable locally advanced, metastatic, or recurrent disease. 3, 4 In the first-line setting, the NCCN guidelines recommend 2-drug cytotoxic therapy. Two gastric cancer regimens are preferred by the NCCN: fluoropyrimidine plus cisplatin (category 1) or fluoropyrimidine plus oxaliplatin (FOLFOX, category 2A). 4 Modified dosing of the DCF (docetaxel, cisplatin, and a fluoropyrimidine) regimen or substitution of cisplatin with oxaliplatin are considered category 2A evidence for GEJ and esophageal cancers (squamous and adenocarcinoma). 3 Additionally, trastuzumab is recommended to be added to first-line chemotherapy for patients whose tumors overexpress HER2. In the second line, 5 preferred regimens are supported by category 1 evidence for gastric, GEJ, or esophageal adenocarcinoma: ramucirumab plus paclitaxel or single-agent ramucirumab, docetaxel, paclitaxel, or irinotecan. 3, 4 Pembrolizumab is supported by category 2A evidence for the second-line or subsequent treatment of tumors with high-microsatellite instability (MSI-H) or for deficient mismatch repair tumors and in the third-line or later setting for PD-L1-positive adenocarcinoma. 4 The survival benefit of second-line therapy is supported by numerous randomized clinical trials. [5] [6] [7] [8] [9] In the REGARD trial, ramucirumab monotherapy reduced all-cause mortality by 22% compared to placebo plus best supportive care (BSC; hazard ratio [HR] for overall survival [OS] ¼ 0.78; 95% confidence interval [CI] : 0.603-0.998; P ¼ .0473) and reduced the risk of disease progression or death by 52% (HR for progression-free survival [PFS] ¼ 0.48; 95% CI: 0.376-0.620; P < .001) in patients with gastric or GEJ adenocarcinoma. 5 An open-label, randomized study of irinotecan versus BSC in patients with gastric or GEJ adenocarcinoma found that irinotecan improved OS (HR ¼ 0.48; 95% CI: 0.25-0.92, P ¼ .012); PFS was not compared. 7 COUGAR-02 was an open-label, randomized trial comparing docetaxel to active symptom control in patients with gastric, GEJ, or esophageal adenocarcinoma. This study also demonstrated OS improvement associated with docetaxel (HR ¼ 0.67; 95% CI: 0.49-0.92; P ¼ .01); PFS was not compared between the groups. 8 A Cochrane review of 11 randomized trials including 1347 participants found a significant improvement in OS chemotherapy and/or targeted therapy versus BSC or control in the second-line treatment of patients with esophageal or GEJ cancer (HR for OS ¼ 0.75; 95% CI: 0.68-0.84). Five trials (883 participants) provided data supporting the benefit in PFS for second-line treatment as well (HR for PFS ¼ 0.64; 95% CI: 0.45-0.92). 9 Despite the mounting evidence for benefit of second-line therapy in clinical trials, such evidence for a real-world population is lacking.
Retrospective observational studies report that less than 50% of patients receive second-line treatment for advanced or metastatic gastric cancer. [10] [11] [12] The reasons associated with treatment discontinuation at first-line therapy are unclear. Potential reasons could include comorbidities or declining health leading to inability to receive further treatment, patient death, or patient or physician choice. Identifying the factors associated with the receipt of second-line therapy in real-world population is a critical step in developing strategies to increase adherence of patients and providers to this recommended practice.
This retrospective observational study was designed to examine whether the clinical benefit of continued therapy would be demonstrated in an unselected, real-world population. Additionally, this study was designed to identify factors associated with receipt of second-line therapy to inform potential strategies to improve the rate of continued therapy among eligible patients with gastroesophageal adenocarcinoma.
Methods

Data Source
The Flatiron Health database is a longitudinal, demographically, and geographically diverse database derived from electronic medical record (EMR) data. The Flatiron Health database at the time of this study included data from over 255 cancer clinics representing 1.7 million patients with active cancer. The Flatiron Health Advanced Gastric/Esophageal Cohort is a subset of the overall Flatiron Health database that includes a geographically diverse random sample of over 7500 patients with advanced gastric/GEJ/esophageal cancer at Flatiron community oncology and academic cancer cancers in the United States (as of April 30, 2018, which was the last data available at the time of analysis). Patients in the database are diagnosed with stage IV disease or with distant recurrence, a second locoregional recurrence after any initial stage at diagnosis (gastric only), a first locoregional recurrence that was not completely resected (or any locoregional recurrence for patients with esophageal/GEJ cancer), or no surgical resection of the primary tumor. The database includes patients whose advanced cancer diagnoses occurred on or after January 1, 2011, and who have 2 or more visits documented in the EMR during that time period. The database includes both structured and unstructured EMR data elements curated via technology-enabled abstraction, such as patient demographics (gender, race/ethnicity, birth year, and state of residence), community versus academic facility, clinical diagnostic codes, laboratory data, HER2 expression testing and status, medications ordered and/or administered, line of therapy (derived), month and year of death, and clinical characteristics including cancer stage at diagnosis, tumor histology, and Eastern Cooperative Oncology Group performance status. This data set is deidentified, and provisions are in place to prevent reidentification in order to protect patients' confidentiality. This noninterventional study does not qualify as human subjects research in accordance with the US Code of Federal Regulations (CFR), 45 CFR 46.102(f) and is thereby exempt from institutional review board (IRB) evaluation.
Study Sample
Patient records eligible for inclusion were those in the Flatiron advanced gastric/esophageal cohort who had a primary diagnosis of gastric, GEJ, or esophageal adenocarcinoma. As described earlier, this database is limited to patients with advanced or metastatic cancers, data specific to care of early-stage disease or treatment in the adjuvant or neoadjuvant setting are not included. All patients in this study must have initiated firstline therapy on or after January 1, 2013, to ensure the study included a current cohort of patients. Flatiron oncologistdefined, rule-based lines of therapy were used to identify lines of therapy. In general, a change in a line of therapy is defined based on the addition of new chemotherapy agents and gap periods in which no treatment was received. The rules used to define lines of therapy in Flatiron are consistent with other published approaches. 13 Patients diagnosed with squamous carcinomas or who were younger than the age of 18 years at the initiation of first-line therapy were also excluded. Radiation therapy is not recorded in the database; therefore, it was assumed that patients receiving weekly carboplatin þ paclitaxel were likely receiving concurrent radiation therapy.
Statistical Methods
This study was designed as a descriptive, noncomparative analysis. Descriptive statistics were reported using mean, standard deviation, median, and range for continuous variables and frequency counts and percentages for categorical variables. Patients were assumed to be eligible for second-line therapy if they were alive at least 45 days after completion of first-line therapy and had discontinued first-line treatment prior to April 30, 2018 (the date of last available record). The selection of 45 days was based on the optimal date that would exclude the sickest patients who were likely never candidates for secondline therapy while not creating bias by retaining patients unable to initiate 2L therapy. Patients were assumed to have discontinued first-line therapy if either they had initiated a subsequent line of therapy or if they had not received therapy within at least 30 days prior to the last data available in the database or end of follow-up. The end of first-line therapy was defined as the last administration date of first-line therapy. In the case of oral medications, 30 days were added to the last refill date. Unadjusted P values were calculated to evaluate differences in characteristics between patients who received second-line therapy and those who did not (among those eligible for second-line therapy) using t test/F test for continuous variables and w 2 test for categorical variables. Predictors of second-line treatment were evaluated using multivariable logistic regression. The regression model was built to predict the probability of patients receiving second-line treatment (vs no second-line treatment). The candidate covariates included age-group (18-64 vs 65þ), gender (female vs male), race (Asian, black or African-American, white, other race, vs missing/unknown), practice type (community vs academic), disease site (esophageal, GEJ, vs gastric), HER2 status (positive, negative, vs missing/unknown), advanced diagnosis (stage IV at diagnosis vs recurrent/unresectable disease), body mass index (underweight, normal weight, overweight, obese, vs missing/ unknown), prior resection (yes vs no), weight loss during first-line therapy (loss <10% of baseline body weight, loss !10% baseline body weight, no change, other weight gain, vs missing), duration from advanced diagnosis date to start of first-line therapy (<70 days vs 71-100 vs 100-200 vs >200 days), duration of first-line therapy ( 84 days vs 85-168 days vs !169 days), and creatinine level. Stepwise variable selection procedure was used to identify factors significantly associated with the outcome with entry significance level of 0.15 and stay significance level of 0.1.
To reduce the risk of immortal time bias, survival analyses between those who did and did not receive second-line therapy excluded any patient who was still receiving first-line therapy as of April 30, 2018 (last record available at the time of analysis) or who had died during or within 45 days of completing first-line therapy. Overall survival from the start of 1L therapy was estimated using Kaplan-Meier method and log-rank test without adjusting any baseline covariates. Additional analyses explored differences between patients who had died during the period from initiation to the date of last infusion of first-line therapy and those who did not die during this period.
Due to the lack of data regarding radiation therapy in the EMR database, sensitivity analyses were conducted to estimate the impact of potential receipt of radiation therapy. For patients receiving weekly carboplatin plus paclitaxel, it was assumed for the sensitivity analyses that these patients were receiving concurrent radiotherapy. The lines of therapy were recoded excluding those records where chemoradiation was a line of therapy. Therefore, a patient receiving chemoradiation would have been recategorized from first-line carboplatin plus paclitaxel to line zero chemoradiation. Survival analyses were repeated using the revised rules to determine the stability of results if possible miscategorization occurred in the absence of radiation therapy data.
Results
There were 7566 patients in the Flatiron database available for analysis. Of these, 3850 met eligibility criteria and were included in the study (Figure 1 ). The primary tumor location was gastric (n ¼ 1388, 36.1%), GEJ (n ¼ 1103, 28.6%), and esophagus (n ¼ 1359, 35.3%). The baseline characteristics of the study cohort are summarized in Radiation therapy was assumed to be used in a weekly carboplatin plus paclitaxel dosing regimen; these regimens were recoded as line zero in sensitivity analyses. Patients who died during or shortly after first-line therapy were more likely to have experienced weight loss, dose reductions during first-line therapy, and had a shorter duration of first-line therapy than those who were alive (Table 3) . In multivariable analysis, factors statistically significantly associated with receipt of second-line therapy included longer duration of first-line therapy, lack of body weight loss during first-line therapy, younger age, having a tumor that overexpressed HER2, and patients with an initial diagnosis of metastatic disease (Table 4 ). All other covariates in the model were not statistically significant.
Discussion
Despite heterogeneous treatments as detailed in the Supplemental Appendix and consistent with prior research, 14 receipt of second-line therapy was associated with improved overall survival. Although the reason for not receiving second line therapy is not evident in our data set and causal inference cannot be made, the findings demonstrate a statistically significant relationship between OS and second-line therapy.
The results from this study are consistent with data from prior clinical trials that have also demonstrated improved overall survival outcomes associated with additional lines of therapy in patients with gastroesophageal adenocarcinoma. The median survival for patients who received more than 1 line of therapy was approximately 6 months longer than that observed among patients who did not receive additional therapy. It is important to note that the exact magnitude of benefit cannot be directly compared with the randomized trials, in that the current analysis evaluated time from initiation of first-line therapy in order to appropriately balance on baseline covariates, whereas in the trials the survival time was only from the start of second-line therapy. Given that the duration of first-line therapy differed between the groups, this must also be taken into account when interpreting the magnitude of difference. Therefore, the difference of 6 months median survival time is for patients with firstline only versus first-line followed by subsequent therapy and represents the survival outcomes of a sequential approach to patient care, rather than independent lines of therapy. Of note, the crossover of the survival curves might imply that the patients who received first-line only were heterogeneous and could include some patients who responded and some who did not. Due to the nature of the EMR data, response and progression data are not available and this potential explanation for the crossover of the curves cannot be explored in this study. Given that this analysis was based on retrospective, nonrandomized data, these results, while consistent with what is known from clinical trial data, should be interpreted with caution.
Despite the limitations of retrospective analyses, these findings are consistent with the current sequential approach to therapy and survival results are highly consistent with the prior second-line clinical trials in gastroesophageal adenocarcinoma that have all demonstrated improved outcomes associated with continued systemic therapy versus best supportive care. 5, 7, 8 The body of evidence is strengthened by real-world evidence supporting these trials in unselected patients. Of note, the regimens used for continued therapy cancer remain varied. The 2018 NCCN guidelines for gastric cancer indicate there is level 1 evidence for the preferred regimens ramucirumab plus paclitaxel, and for ramucirumab, irinotecan, docetaxel or paclitaxel monotherapy in the post-progression setting.
3,4 A fluoropyrimidine plus irinotecan is also preferred with category 2A evidence. However, in this study, only 4 of the 7 most common regimens used in the second-line setting have been recommended with Category 2A evidence or higher in NCCN guidelines. Certainly, therapy may need to be individualized for unique clinical scenarios, but the relatively equal distribution of the most common second-line regimens observed in our data set (Table 2 ) reflects variability in real-world practice. The full list of regimens used for each line of therapy is presented in Supplemental Tables 1-3 .
The use of evidence-based medicine may further improve the survival outcomes for gastroesophageal adenocarcinoma; however, the first-line treatment strategies observed in this study do not correspond to NCCN guidelines for preferred or level 1 evidence, so this could not be directly evaluated. There is a potential opportunity to further improve the survival outcomes of patients by ensuring that the treatment strategy considering subsequent lines of therapy is supported by evidence-based recommendations. Future research should evaluate the benefits of care concordant with NCCN guidelines in gastroesophageal carcinoma, as providers increasingly provide care that is supported by clinical trial data.
Importantly, the factors that may contribute to patients receiving subsequent care are critical. In this study, 451 (19.9%) patients were excluded from the survival analysis as if they died during first-line therapy, representing a much smaller proportion versus the 2516 patients that were alive and not continuing to receive therapy after first-line therapy. These patients can be partly accounted for by those with aggressive disease biology in which rapid cancer progression likely impacted the ability to receive further therapy. While the Flatiron database does not capture tumor genomic profiling given biomarker testing outside HER2 for first-line therapy remains experimental, certain oncogene amplifications such as MET and FGFR2 have been identified in a minority of gastroesophageal cancers and portend poor prognosis. [15] [16] [17] Such patients with poor prognostic biomarkers are likely underrepresented in randomized second-line trials, but were not excluded in this analysis, as the only tumor biomarker reported in the data set is HER2 status. Other factors may also play a role in the ability for patients to receive further therapy. Some of these factors could be evaluated in this study, such as performance status, body weight loss, and creatinine level. Others, such as patient choice for discontinuation or complex comorbid conditions, could not be evaluated due to the limitations of data fields contained in the available EMR data sets. While the impact of community versus academic practices on receipt of second-line therapy was not statistically significant (P > .01) and did not meet the stepwise selection criteria, the Flatiron data are more than 90% community-based practices, and the data set may not be appropriate to study this question due to the very small sample from academic practice settings.
In multivariable analysis, tumor HER2 positivity was associated with higher likelihood of receiving second-line therapy. HER2 overexpressing gastroesophageal cancers derive benefit from the addition of trastuzumab to first-line therapy. While hypothesis generating, improved categorization of biomarkers to develop successful molecularly targeted strategies to improve first-line treatment outcomes and increase the chance of receiving subsequent lines of therapy. Duration of first-line therapy was also found to be significant, which could be affected by improved clinical and supportive care but also could be associated with time to progressive disease. The available EMR data sets did not contain data on disease progression, so this could be a factor unaccounted for in the analysis. Importantly, patient weight loss during first-line therapy is a potentially modifiable factor that providers could address during first-line care to ensure patients maintain body weight during initial treatment.
There is a need to further investigate this finding to understand whether the study of interventions to support patient body weight after advanced gastric cancer diagnosis are warranted. Despite the limitations of retrospective analyses with regard to causal inference, this study provides evidence regarding a potential association between survival outcomes and therapy after first-line treatment among patients able to receive subsequent treatment. There is a need to ensure patients receive the best possible outcomes of treatment by providing category 1 evidence-based care whenever possible and to consider taking a sequential approach to therapy to ensure as many patients as possible remain well enough to continue therapy if and when first-line therapy fails.
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